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Abstract Objective -To compare (1) the reliability of two expensive and two inexpensive measuring instruments, suitable for use in the community and (2) the reliability of experienced compared with inexperienced observers. Design -(1) Ten children aged 5-12 years were each measured three times blindly, and in random order, by two experienced observers using four different portable instruments. (2) Table 1 shows the reproducibility of each instrument expressed as the standard deviation of a single height measurement (SDshm).
There was no significant difference in precision among instruments, the SDshm ranging from 0-22 to 0-34 cm (p=0 32). A significant difference was found, however, between the two experienced measurers in mean height obtained over all measurements. Observer X's mean height over 120 measurements was 0-29 cm greater than that of observer Y (table 2) . Moreover, a highly significant interaction between measurers and children was observed (p<0-01), due almost entirely to measurer X obtaining greater heights than Y for nine of the children but not the 10th, who was in fact the tallest child and may have been difficult to stretch. Table 3 shows for each group in turn, the SDshm obtained by each observer. The results from the two instruments have been pooled in every case, as there were no more differences between instruments in their standard deviations than might be expected by chance. Within each group there were barely any differences in precision among the five measurers (four experienced, one inexperienced); p values=0-49, 0 044, 0-17, and 0-86.
Trial 2: comparing measurers
It was again noted, however, that, even among experienced measurers, different observers obtained significantly different mean heights for the same group of children.
Discussion
We have shown previously that the inaccurate installation of equipment is a frequent source of error in height measurement, but this can be avoided, as in these trials, by careful calibration using a standard rule before and after every measurement session.3 Instruments that require no calibration or are self calibrating are clearly easier to use and more reliable than the Minimetre which has to be recalibrated each time it is moved. Unless permanently positioned it is not the ideal instrument for monitoring the growth of individual children. On the other hand, little can be done to minimise poor reproducibility. Measurement of animate subjects will always have a degree of imprecision. The SD for a single height measurement was found in this study to vary little between instruments or observers, confirming previous findings by ourselves and others.3 5 This should not be surprising as we have already shown the variability in height measurement to be due largely to the flexibility or ever changing posture of the child. Less than 10% of the variance is attributable to the measurer or instrument.3 In terms of precision, therefore, the least expensive instruments, that is, the Minimetre and the Leicester Height Measure, perform as well as the more expensive models, the free standing Magnimetre and the Digirod. All instruments compare favourably with the Harpenden stadiometer tested earlier. 3 In view of the variance described above it is also not surprising that the reproducibility or precision of the inexperienced measurers is able to match that of the experienced auxologists. The notion that each child has a true or absolute height which could in theory be ascertained by an expert using the best equipment available, is clearly a myth. Each child has only an average height at any one time. Given a typical SD of between 0-2 to 0 4 cm as found in these and previous trials, it is only possible, at best, to measure height to within approximately ±0 4 cm. There are clearly serious implications for the interpretation of short term growth data6 on which, unfortunately, the diagnosis and management of growth problems is increasingly based.7-10 Height data can be reliable, but only if regular measurements are begun at an early age,"I and made over a sufficient period of time in order to establish a trend.6 There are no gold standards and no short cuts in the assessment of growth.
It is reassuring, however, that the monitoring of children's heights has been shown to be a viable proposition at community level. One careful, consistent observer, using an inexpensive, easily calibrated instrument, can collect data no less reliable than an experienced auxologist operating the most expensive equipment.
CONCLUSIONS AND RECOMMENDATIONS
(1) Reliable growth data requires neither expensive equipment nor lengthy training.
(2) Most of the variance in height measurement is unavoidable and due to the changing posture and flexibility of the subject. Perfect precision is an impossible goal but consistency of technique should optimise the reproducibility of the measurements.
(3) Errors due to inaccuracy may be considerable, but are avoidable if a standard rule is always used to check calibration.
(4) Interobserver differences in technique can be a major source of error, and must be borne in mind where a different person has taken over the monitoring of a child.
(5) Long term monitoring, begun at an early age, is now both feasible and affordable and should be standard practice in any child health surveillance programme.
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